The most efficient method to control the plant virus diseases is breeding resistant cultivars. However, the resistance could be broken down after using resistant cultivars. This study was aimed to determine the prevalence and also serological and molecular characterization of Tomato spotted wilt virus (TSWV) and Cucumber mosaic virus (CMV) that cause infections, especially, in resistant pepper cultivars. For this reason, samples were collected from pepper growing greenhouses and open fields during vegetation period of 2015 in different parts of Antalya province including Kumluca, Demre, Serik and Aksu districts. Out of 148 pepper samples collected, 53 (35.81%) were infected with TSWV and 11 (7.34%) with CMV as a result of Double-Antibody Sandwich Enzyme-Linked Immunosorbent Assay (DAS-ELISA) test. Some regions on S RNA (nucleocapsid protein gene), M RNA (glycoprotein gene) and L RNA (RNAdependent RNA polymerase gene) of TSWV genome; RNA 1 (helicase/methyltransferase gene) and RNA 3 (coat protein gene) of CMV genome of DAS-ELISA positive samples were amplified by RT-PCR with specific primers. Nucleotide similarity rates of nucleocapsid protein gene, glycoprotein gene and RNA-dependent RNA polymerase gene regions of TSWV isolate varied between 92-98% identity with other isolates in GenBank and CMV isolate varied between 89-96%. TSWV isolate showed nucleotide identity varied between 92-97% with Tsw resistance breaking isolates from Capsicum plants in Turkey, Italy and Spain. Genetic determinant for overcoming pepper Tsw resistance is located in S segment but aminoacid substitutions responsible for TSWV breakdown remain contradictory in several reports.
Introduction
TSWV (Tomato spotted wilt virus), type member of the genus Orthotospovirus within the Bunyaviridae family, first reported on capsicum in Turkey by Yurtmen et al (1999) , is rated among the ten most economically devastating plant viruses worldwide (Adkins 2000) . TSWV is transmitted persistently through several species of thrips especially Frankliniella occidentalis (Mound 2001 ) and one of the major problem in pepper production areas in Antalya province of Turkey. The genome of TSWV consists of three negative or ambisense single-stranded RNAs designated as L (large), M (medium) and S (small) (Adkins 2000) . The most efficient method to control the virus in pepper crops is breeding resistant cultivars harboring the pepper 25 (2019) [259] [260] [261] [262] [263] [264] [265] [266] [267] [268] [269] [270] [271] 260 resistance gene Tsw toward TSWV. However, the resistance gene Tsw has broken down in several Mediterranean countries after using resistant cultivars (Roggero et al 2002; Margaria et al 2004) . Antalya is one the province in Turkey where the most resistant pepper cultivars against TSWV disease are being cultivated. Even though it has been reported that Tsw has broken down in Samsun province of Turkey (Deligoz et al 2014) , there is no record about Tsw resistance in pepper production areas of Antalya province.
One of the most prevalent viral constraint that affecting pepper production is CMV (Cucumber mosaic virus), type member of the genus Cucumovirus within the Bromoviridae family (Moury & Verdin 2012) , was found on pepper growing areas in Turkey first by Yılmaz & Davis (1985) . It was detected in pepper plants at different rates in various provinces in Turkey by DAS-ELISA mostly (Arli-Sokmen et al 2005; Buzkan et al 2006; Uzunoğulları & Gümüş 2015) . CMV transmitted by more than 75 aphid species in non-persistent manner especially by Myzus persicae and Aphis gossypii (Perry et al 1998) . The genome of CMV consists of three positive-sense single stranded RNAs designated as RNA 1, RNA 2 and RNA 3 (Kumari et al 2013) . It has been reported that CMV resistant hot pepper cultivars which belongs pathotype 0 (P0) showed severe mosaic symptom in Korea and their causal agent was identified as CMV. Pepper isolate of CMV was described as P0 resistance breaking virus. The result suggests that CA-P1-CMV isolate can overcome P0 resistant pepper cultivars (Lee et al 2006) .
This study was initiated to determine the prevalence of TSWV and CMV infection especially on resistant pepper cultivars and investigation whether TSWV resistance breaking isolates emerged or not in intensively pepper growing areas of Antalya province of Turkey. Here we report the serological and molecular characterization of TSWV and CMV isolates collected from peppers. The PCR products of nucleocapsid protein gene (S RNA segment), glycoprotein gene (M RNA segment) and RNA-dependent RNA polymerase gene (L RNA segment) regions of TSWV isolate and helicase/methyltransferase gene (RNA 1 segment) and coat protein gene (RNA 3 segment) regions of CMV isolate were sequenced and phylogenetic trees constructed based on nucleotide homology.
Material and Methods

Surveys and collection of virus infected samples
Surveys were conducted in randomly selected pepper growing greenhouses and open fields in Antalya province including Kumluca, Demre, Serik and Aksu districts. The samples was collected from the virus-like symptom showing pepper cultivars during vegetation period in spring and summer of 2015. All samples were stored at -20 °C before testing.
Enzyme linked immunosorbent assay
DAS-ELISA was performed for detection of TSWV and CMV in the collected plant samples. Specific antibodies for TSWV and CMV were applied according to manufacturer's instruction (Bioreba Switzerland).
Total RNA extraction, reverse transcriptasepolymerase chain reaction (RT-PCR)
Total RNA was extracted from TSWV or CMV positive samples determined by DAS-ELISA using a previously reported method by Foissac et al (2001) as recommended. RNA extracts were used as template for reverse transcriptase-polymerase chain reaction (RT-PCR). The cDNA synthesis was carried out using 10 μL RNA with 2.0 μL random primers, 0.8 μL of 100 mM dNTP mix, 1.0 μL of RNase inhibitor, 2.0 μL of 10x RT buffer, 1.0 μL of SuperScript™ reverse transcriptase and 3.2 μL Nuclease-free H 2 O (Thermo Scientific, USA) in a total reaction mixture of 20 μL. The reaction mixture was incubated at 25 °C for 10 min and 37 °C for 120 min followed by incubation at 85 °C for 5 min. Polymerase chain reaction (PCR) was carried out using 2 μL of cDNA with 25 μL Dream Taq Green PCR Master Mix (Thermo Scientific, USA), 25 (2019) 259-271 261 0.5 μL of 10 μmolar forward primer, 0.5 μL of 10 μmolar reverse primer, and 22 μL nuclease free water (Applied Biosystems, USA) in a reaction mix of 50 μL. The PCR amplification was performed in an automated termal-cycler (Gene Amp PCR 9700 systems, Applied Biosystems, USA). Primer sets are mentioned in Table 1 . PCR products were electrophoresed in 1% agarose and stained with ethidium bromide.
Sequencing and sequence analysis
One positive sample was randomly selected for each TSWV and CMV isolate and their amplicons for each segment was sequenced. Nucleotide consensus sequences were assembled and edited using Chromas Pro Version 2.5.1. The sequences were analyzed by NCBI-BLAST analysis. After confirming the identity of the sequences, they were submitted to GenBank. The nucleotide sequences were aligned with 20 other isolates from different countries and hosts. Sequence identity were compared and phylogenetic trees constructed using CLC RNA Workbench Version 6.8.2 (CLC Bio, Denmark) and Vector NTI Software Programme (Invitrogen, USA).
Results
Survey and collection of virus infected samples
To collect virus-like symptoms showing pepper plants 62 samples from Kumluca, 42 samples from Demre, 26 samples from Serik and 18 samples from Aksu districts were collected. The samples were showing stunting, yellowing, leaf deformation and curly top symptoms. Foliar symptoms of samples were chlorosis, ringspots, mosaic, mottling, vein clearing, reduction, curling, chlorotic and necrotic spots. Pepper fruits of samples were showing reduction, ringspot, chlorotic spots and roughness. Symptoms were showed in Figure 1 .
Enzyme linked immunosorbent assay
Out of 148 plants, 11 plants were positive for CMV with overall incidence 7.34% and 53 samples were infected with TSWV with an overall incidence 35.81%. The number of CMV positive samples from Demre was 8 and Serik was 3, the incidence was found 19.04% and 11.53%, respectively. There was no CMV positive samples from Kumluca and Aksu districts. The number of TSWV positive samples was 12 from Kumluca, 10 from Demre, 14 from Serik and 17 from Aksu. The TSWV incidence was found in these districts were 19.35%, 23.80%, 53.84% and 94.44%, respectively. The ELISA results are mentioned in Table 2 and Table 3 .
Reverse transcriptase-polymerase chain reaction (RT-PCR)
Nucleocapsid protein gene, glycoprotein gene and RNA-dependent RNA polymerase gene regions on S RNA, M RNA and L RNA segments of TSWV and helicase/methyltransferase gene and coat Blas et al (1994) 25 (2019) protein gene regions on RNA 1 and RNA 3 segment of CMV were amplified by RT-PCR with specific primer pairs for molecular characterization ( Figure  2 and 3). Table  4 and Table 5 . Phylogenetic relationships were determined. The Aksu-TSWV isolate S RNA shared 96-98% nucleotide identity and phylogenetic tree was constructed with these isolates (Figure 4) 
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(AB368499). The Demre-CMV isolate RNA 3 shared 89-95% nucleotide identity and phylogenetic tree was constructed with these isolates (Figure 8 
Discussion
The findings of the present study based on serological and molecular detection demonstrated the occurrence of TSWV and CMV causing damage in pepper plants in some districts of Antalya province. In our study, 
The (Roggero et al 2002) , Spain (Margaria et al 2004) and Australia (Sharman & Persley 2006) . Also, TSWV resistance-breaking strains have been reported from Hungary (Gabor et al 2012) , Argentina (Ferrand et al 2015) and Turkey (Deligoz et al 2014) in Capsicum species carrying the Tsw gene. In several reports it has been identified that the genetic determinant for overcoming pepper Tsw resistance is located in S segment but amino acid substitutions responsible for TSWV breakdown remain unidentified (Debreczeni et al 2015) . The sequence obtained by amplification of the region of the RNA 1 segment of Demre isolate showed high homology with Egypt-tomato isolate and Malaysia-cucumber isolate. The sequence of the region of the RNA 3 segment of Demre isolate showed high homology with Malaysia-cucumber isolate, India-eggplant isolate and India-pepper isolate. There is a report that CMV resistance breaking isolate has been described in Korea. Sequence homology of RNA 3 segment of resistance breaking CMV isolate revealed high similarity with known CMV strains. The resistance and resistance-breaking mechanisms of CMV in pepper remain to be investigated (Lee et al 2006) . 
Conclusions
Virus resistant pepper cultivars are important management technique for TSWV and CMV control in pepper. These resistances are mostly based on the resistance genes and they have broken down. There is a need to understand the ability of TSWV and CMV isolates to overcome resistance which can be further useful in breeding programs to develop pepper cultivars resistance against TSWV and CMV. Further effort should be taken to identify TSWV and CMV breakdown mechanism of resistance breaking TSWV and CMV isolates.
